Introduction
============

Hypertension refers to a chronic disease with increased diastolic and/or systolic pressure, which endangers kidneys, heart, brain and other organs and leads to organic damage through injuring blood vessels, thereby threatening organ function and life ([@b1-etm-0-0-7335],[@b2-etm-0-0-7335]). With the changes in people\'s living habits and the increase in psychological pressure, the incidence rate of hypertension has also been increasing each year ([@b3-etm-0-0-7335],[@b4-etm-0-0-7335]). Hypertension is a long-term chronic disease, but hypertension-induced myocardial infarction/cerebral infarction, heart failure/renal failure and other target organ damage have extremely high disability and fatality rates, placing great psychological and economic burdens on individuals and families ([@b5-etm-0-0-7335]). The heart is one of the important organs directly damaged by hypertension, and long-term cardiovascular hypertension leads to vascular remodeling, followed by gradual cardiac remodeling due to response to such chronic volume overload pressure, in which the left ventricular hypertrophy is the most significant. Such persistent remodeling will result in arrhythmia, and severe heart failure will cause sudden death ([@b6-etm-0-0-7335],[@b7-etm-0-0-7335]). More than 30% of hypertension patients have ventricular remodeling in clinic. Therefore, it is necessary to investigate the possibility of regulating cardiac function in hypertension and prevent heart failure and sudden death in hypertension patients.

Micro ribonucleic acid (miRNAs) is a kind of endogenous non-coding inhibitor, which can bind to the target RNA through complementary base pairing to interfere in the function of target RNA and have an inhibitory effect on various types of tumors ([@b8-etm-0-0-7335],[@b9-etm-0-0-7335]). A number of studies have demonstrated that the miR-29 family has a close correlation with fibrosis, and it was found that miR-29 can inhibit fibrosis in the heart and lungs ([@b10-etm-0-0-7335]). Widlansky *et al* ([@b11-etm-0-0-7335]) found in the rat model of diabetes mellitus type II that the miR-29 family is necessary for the endothelial function in normal human and animal models, which also has great therapeutic potential for cardiac metabolic disturbance. Luo *et al* ([@b12-etm-0-0-7335]) found in the mouse experiment that the downregulated miR-29b can break the elastin, increase the collagen deposition inside the blood vessel and also increase the degree of thoracic aortic stiffness, thus leading to hypertension ([@b13-etm-0-0-7335]). In the present study, the possibility of miR-29b in regulating blood pressure and cardiac function in the rat model of hypertension was investigated, so as to provide a new therapeutic target for hypertension patients and a potential marker for diagnosing cardiac damage in hypertension.

Materials and methods
=====================

### Laboratory animals

A total of 60 male specific pathogen-free rats with spontaneous hypertension aged 3 months and with a weight of 260--290 g were purchased and fed for 1 week to adapt to the laboratory environment (24°C, 12/12 light/dark cycles and humidity 60 ±10%) with free access to water and food. The systolic pressure of rats in quiet and waking conditions were measured via caudal artery using the non-invasive blood pressure measurement and analysis system (tail-cuff method) at about 10 a.m. after the tail was heated for 5 min. It was measured every 5 min for 2 weeks until the blood pressure became 150 mmHg. After feeding for 3 weeks, rats were randomly divided into the lentivirus group (n=20), the negative lentivirus group (n=20) and the control group (n=20).

The study was approved by the Ethics Committee of Tianjin Hospital of ITCWM, Nankai Hospital (Nankai, China).

### Reagents and materials

ZH-HX-Z non-invasive blood pressure measurement and analysis system for spontaneously hypertensive rats (Anhui Zhenghua Biological Instrument Equipment Co., Ltd., Huaibei, China), lentivirus with miR-29b overexpression sequence and negative control virus (Shanghai Zhonghong Boyuan Biological Technology Co., Ltd., Shanghai, China), high-efficiency lentivirus transfection enhancement solution (Shanghai Umibio Science and Technology Co., Ltd., Shanghai, China), ultrasound diagnostic instrument (Henan Enpusi Electronic Technology Co., Ltd., Henan, China), 10% chloral hydrate (Shanghai Jianglai Biotechnology Co., Ltd., Shanghai, China), TRIzol reagent, chloroform and isopropanol (Thermo Fisher Scientific, Inc., Shanghai, China), reverse transcription reagent and 2X All-in-One miRNA quantitative polymerase chain reaction (PCR) kit (Wuhan MSK Biotechnology Co., Ltd., Wuhan, China).

### Lentivirus transfection

Equal volumes of miR-29b inhibitor gene lentiviral vector and negative control lentiviral vector were thawed via ice bath, and diluted into 10^8^ TU/ml with the high-efficiency lentivirus transfection enhancement solution. Rats in the lentivirus group were injected with 150 ml lentivirus solution, and those in the negative lentivirus and control groups were injected with the same amount of the negative control virus solution and high-efficiency lentivirus transfection enhancement solution, respectively.

### High-frequency echocardiography

At 3 weeks after the injection of lentivirus, rats were weighed and anesthetized with 10% chloral hydrate (200 mg/kg). M-mode echocardiography was performed for all rats using the 7.5 MHz ultrasound diagnostic instrument to detect left ventricular posterior wall thickness (LVPWT), interventricular septum thickness (IVST), left ventricular end-diastolic diameter (LVEDD) and left ventricular end-systolic diameter (LVESD), and left ventricular ejection fraction (LVEF) was calculated using the Teichholtz method.

### Treatment of heart specimens of rats

At 3 weeks after transfection (at 6 weeks of feeding), rats were weighed and anesthetized with 10% chloral hydrate (200 mg/kg). The chest was opened, and the heart was taken and washed clean. The left ventricle, including interventricular septum, was retained, and left ventricular mass (LVM) (mg) was obtained. LVM index (LVMI) = LVM/body mass (BM). After the left ventricle was weighed, it was stored in liquid nitrogen used for reverse transcription-quantitative polymerase chain reaction (RT-qPCR).

### Detection of miR-29b expression via RT-qPCR

After 50 mg of myocardial tissue was taken and ground in a mortar containing TRIzol reagent, RNA was extracted with chloroform, and the upper aqueous phase was retained and added with 0.5 volume of isopropanol to extract the total RNA. The concentration and purity of RNA extracted were detected using an ultraviolet spectrophotometer (Thermo Fisher Scientific, Inc., Waltham, MA, USA). The absorbance A260/A280 of 1.8--2.0 indicated the qualified purity. The reverse transcription was immediately performed for extracted RNA using the 25 µl reaction system prepared according to [Table I](#tI-etm-0-0-7335){ref-type="table"} (37°C for 60 min and 85°C for 5 min). The synthesized complementary deoxyribonucleic acid (cDNA) was diluted by 100 times, and 20 µl amplification system was prepared according to [Table I](#tI-etm-0-0-7335){ref-type="table"}, followed by amplification on a PCR instrument in accordance with the procedure in [Table II](#tII-etm-0-0-7335){ref-type="table"}, with U6 as an internal reference (forward primer, 5′-CGCTTCGGCAGCACATATAC-3′ and reverse primer, 5′-TTCACGAATTTGCGTGTCAT-3′). miR-29b: forward primer, 5′-ACACTCCAGCTGGGTAGCACCATCTGAAA-3′ and reverse primer, 5′-CTCAACTGGTGTCGTGGA-3′. Results were statistically processed using the 2^−∆∆Cq^ method ([@b14-etm-0-0-7335]).

### Statistical analysis

Cardiac function parameters, blood pressure and PCR results are presented as mean ± standard deviation (mean ± SD). SPSS 20.0 (Asia Analytics, formerly SPSS China) software package was used for data inspection and analysis. Repeated measures analysis of variance was used for the comparison within the same group before and after experiment according to the data distribution characteristics. Analysis of variance was adopted for the comparison among more than three groups with Least Significant Difference test. t-test was used for pairwise comparisons in case of difference. P\<0.05 indicates that the difference was statistically significant.

Results
=======

### Blood pressure in rats

At 1, 2 and 3 weeks after feeding without virus transfection, there were no statistically significant differences in the blood pressure of rats among the groups, indicating that the blood pressure is comparable after virus transfection. The blood pressure in the lentivirus group began to drop at 3 weeks after virus transfection, and it was significantly decreased at 4 weeks (201.43±5.42 mmHg) compared with that at 3 weeks (206.76±7.12 mmHg) significantly lower at 6 weeks (178.52±4.82 mmHg) than that at 5 weeks (192.52±5.25 mmHg) and also lower at 5 weeks than that at 4 weeks, displaying statistically significant differences (all P\<0.05). The blood pressure declined by 29.13 mmHg on average at 6 weeks after virus transfection compared with that before transfection. There was no statistically significant difference in the blood pressure between the negative lentivirus and control groups during the monitoring for 6 weeks (P\>0.05). The blood pressure in the lentivirus group was obviously lower than that in the negative lentivirus and control groups at 4, 5 and 6 weeks (P\<0.05) ([Fig. 1](#f1-etm-0-0-7335){ref-type="fig"}).

### Comparison of echocardiographic indexes among the three groups

At 3 weeks without virus transfection, no statistically significant differences were found in LVPWT, IVST, LVEDD, LVESD and LVEF among the three groups (P\>0.05). Before virus transfection, there were no statistically significant differences in LVPWT among the three groups (P\>0.05). After virus transfection, LVPWT in the lentivirus group showed a decreasing trend, and it was significantly decreased at 5 weeks and 6 weeks compared with that in the previous week, and significantly lower than that in the negative lentivirus and control groups during the same period (all P\<0.05). Before virus transfection, there were no statistically significant differences in LVEDD among the three groups (P\>0.05). After virus transfection, LVEDD in the lentivirus group was gradually increased, and it was obviously higher at 6 weeks than that at 5 weeks, and also higher than that in the negative lentivirus and control groups during the same period. There was no difference between the negative lentivirus and control groups (all P\<0.05). LVPWT, IVST, LVEDD, LVESD and LVEF had no remarkable differences between the negative lentivirus and control groups and at each time-point within the group ([Figs. 2](#f2-etm-0-0-7335){ref-type="fig"}--[6](#f6-etm-0-0-7335){ref-type="fig"}).

### Comparison of LVMI

At 6 weeks, there was no significant difference in body weight (BW) among the groups, but LVM and LVMI in the lentivirus group were obviously lower than those in the negative lentivirus and control groups (P\<0.05) ([Table III](#tIII-etm-0-0-7335){ref-type="table"}).

### Detection of miR-29b expression via RT-qPCR

According to results of RT-qPCR analysis of miR-29b expression in left ventricular tissues of rats, the expression of miR-29b in the lentivirus group was significantly higher than those in the negative lentivirus and control groups (P\<0.05), and it had no statistically significant difference between the negative lentivirus and control groups ([Fig. 7](#f7-etm-0-0-7335){ref-type="fig"}).

Discussion
==========

With the development of medical science in recent years, the diagnostic criteria for hypertension have been constantly improving, the detection rate of hypertension has been increasing continuously and the therapeutic regimen has also been continuously perfecting. However, there is still a big gap in China compared with developed countries ([@b15-etm-0-0-7335]). The prevalence rate of hypertension is still increasing, and it is conservatively estimated that there are at least 200 million people with hypertension in China currently ([@b16-etm-0-0-7335]). At present, therapeutic drugs for hypertension need to be taken for a long time, there will be a rebound easily after drug withdrawal, the blood pressure can be maintained for a short time, and they have such toxic and side effects as increased serum potassium ([@b17-etm-0-0-7335]). miR-29b is necessary for normal endothelial function, which can resist fibrosis and cardiac metabolic disturbance ([@b18-etm-0-0-7335]). Therefore, the mechanism of hypertension in cardiovascular diseases was explored in this study, so as to provide new ideas for primary hypertension and cardiovascular and cerebrovascular diseases to develop new molecular therapy.

It was found in the detection of miR-29b expression in left ventricular tissues of rats via RT-qPCR that the expression of miR-29b in the lentivirus group was significantly higher than that in the negative lentivirus and control groups. Results of this study revealed that there was no significant difference in systolic pressure among groups before transfection, and it began to decline gradually in the lentivirus group after transfection with miR-29b and was always lower than that in the negative lentivirus and control groups, suggesting that miR-29b inhibits the increase in systolic pressure of rats and alleviates hypertension. After transfection with miR-29b, LVPWT and IVST in the lentivirus group displayed decreasing trends, LVEDD and LVESD showed increasing trends, and LVEF remained essentially unchanged. After transfection, BW had no significant difference among groups, but LVM and LVMI in the lentivirus group were remarkably lower than those in the negative lentivirus and control groups, indicating that the overexpression of miR-29b reverses the left ventricular hypertrophy. Liu *et al* ([@b19-etm-0-0-7335]) found that Smad3 reverses the downregulation of miR-29b in renal tissues in hypertensive nephropathy through nuclear factor-κB (NF-κB), thus, suppressing hypertensive nephropathy. Zhu *et al* ([@b20-etm-0-0-7335]) studied the preventive effect of berberine on cardiovasculzar diseases, and they also found that it relieves cardiac remodeling, promotes angiogenesis and reduces infarct size through significantly increasing the expression level of miR-29b, thus, improving cardiac function. Moreover, the expression of miR-29b also significantly declines in model rats with pulmonary hypertension ([@b13-etm-0-0-7335]). It was found in this study that the overexpression of miR-29b in the rat model of hypertension could improve cardiac function, indicating that miR-29b possesses the therapeutic potential for hypertension and left ventricular hypertrophy. miR-29b also exerts a protective effect on the heart in ventricular remodeling involving AngII.

The rat model of spontaneous hypertension was used in the present study, and it is more representative for the spontaneous occurrence of hypertension than induced rat model, with a probability of hypertension of 100% ([@b20-etm-0-0-7335]). However, there were also shortcomings in this study; the occurrence and development of hypertension lasted for a long time, there were various influencing factors, the mechanism was complex involving a wide range, it was difficult to simulate and restore *in vitro*, and the rat model of spontaneous hypertension constructed could not fully represent the actual situation. In the subsequent study, therefore, relevant clinical data should be collected, and the correlation between actual expression and hypertension should be analyzed, so as to further verify the conclusion in this study. Besides, it was found in this study that miR-29b could indeed reduce blood pressure and improve cardiac function, but through which target protein it regulates and through which signaling pathway it causes its effects need further experiments. It is suggested that TargetScan and other online software be used to predict the target protein of miR-29b, and western blotting be performed for verification.

In conclusion, the overexpression of miR-29b can improve cardiac function, and inhibiting the miR-29b expression can reduce blood pressure and obviously improve the cardiac function in hypertension rats.
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![Changes in blood pressure in rats. At 1, 2 and 3 weeks after feeding without virus transfection, there was no statistically significant difference in the blood pressure of rats among groups. The blood pressure in the lentivirus group began to drop at 3 weeks after virus transfection, and it was significantly decreased at 4 weeks compared with that at 3 weeks, significantly lower at 6 weeks than that at 5 weeks and also lower at 5 weeks than that at 4 weeks, displaying statistically significant differences (all P\<0.05). There was no statistically significant difference in the blood pressure between the negative lentivirus and control groups during the monitoring for 6 weeks (P\>0.05). The blood pressure in the lentivirus group was obviously lower than that in the negative lentivirus and control groups at 4, 5 and 6 weeks (P\<0.05). \*P\<0.05 in comparison with the negative lentivirus and control groups during the same period. ^\#^P\<0.05 in comparison with the same group in the previous week.](etm-17-05-3361-g00){#f1-etm-0-0-7335}

![Comparison of LVPWT among groups. Before virus transfection, there was no statistically significant difference in LVPWT among the three groups (P\>0.05). After virus transfection, LVPWT in the lentivirus group showed a decreasing trend, and it was significantly decreased at 5 and 6 weeks compared with that in the previous week, and significantly lower than that in the negative lentivirus and control groups during the same period (all P\<0.05). \*P\<0.05 in comparison with the negative lentivirus and control groups during the same period. ^\#^P\<0.05 in comparison with the same group in the previous week.](etm-17-05-3361-g01){#f2-etm-0-0-7335}

![Comparison of IVST among the groups. Before virus transfection, there was no statistically significant difference in IVST among the three groups (P\>0.05). After virus transfection, IVST in the lentivirus group showed a decreasing trend, significantly declined at 4, 5 and 6 weeks compared with that in the previous week, and was obviously lower than those in the negative lentivirus and control groups during the same period. There was no difference between the negative lentivirus and control groups, and no remarkable difference was found at each time-point within the two control groups (P\<0.05). \*P\<0.05 in comparison with the negative lentivirus and control groups during the same period. ^\#^P\<0.05 in comparision with the same group in the previous week.](etm-17-05-3361-g02){#f3-etm-0-0-7335}

![Comparison of LVEDD among the groups. Before virus transfection, there was no statistically significant difference in LVEDD among the three groups (P\>0.05). After virus transfection, LVEDD in the lentivirus group was gradually increased, and it is was obviously higher at 6 weeks than that at 5 weeks, and also higher than that in the negative lentivirus and control groups during the same period. There was no difference between the negative lentivirus and control groups, and no remarkable difference was found at each time-point within the two control groups (all P\<0.05). \*P\<0.05 in comparison with the negative lentivirus and control groups during the same period. ^\#^P\<0.05 in comparison with the same group in the previous week.](etm-17-05-3361-g03){#f4-etm-0-0-7335}

![Comparison of LVESD among the groups. Before virus transfection, there was no statistically significant difference in LVESD among the three groups (P\>0.05). After virus transfection, LVESD in the lentivirus group gradually increased, and it was obviously higher at 6 weeks than that at 5 weeks, and also higher than that in the negative lentivirus and control groups during the same period (all P\<0.05). LVESD in the lentivirus group at 5 weeks was higher than that in the negative lentivirus and control groups during the same period (all P\<0.05). \*P\<0.05 in comparison with the negative lentivirus and control groups during the same period. ^\#^P\<0.05 in comparison with the same group in the previous week.](etm-17-05-3361-g04){#f5-etm-0-0-7335}

![Comparison of LVEF among the groups. Before and after virus transfection, there was no statistically significant difference in LVEF among the three groups of rats (P\>0.05). \*P\>0.05 in comparison with the negative lentivirus and control groups during the same period.](etm-17-05-3361-g05){#f6-etm-0-0-7335}

![Detection of miR-29b expression via RT-qPCR. According to the results of RT-qPCR analysis of miR-29b expression in the left ventricular tissues of rats, the expression of miR-29b in the lentivirus group was significantly higher than that in the negative lentivirus and control groups (P\<0.05), and it had no statistically significant difference between the negative lentivirus and control groups. \*P\<0.05 in comparison with the negative lentivirus and control groups during the same period. ^\#^P\<0.05 in comparison with the control group during the same period.](etm-17-05-3361-g06){#f7-etm-0-0-7335}

###### 

Preparation of reaction system.

  Reverse transcription                  PCR                                   
  ------------------------------- ------ ------------------------------------- --------
  2.5 U/µl Poly A polymerase      1 µl   miR-29b primer (10 µM)                  2 µl
  Rtase mixture                   1 µl   Universal Adaptor PCR Primer (2 µM)     2 µl
  5X reaction buffer              5 µl   2X All-in-One qPCR Mix                10 µl
  Total RNA                       2 µg   cDNA                                    2 µl
  Add RNase free H~2~O to 25 µl          Add RNase free H~2~O to 20 µl         

###### 

PCR procedure.

  Step               Temperature (°C)   Time
  ------------------ ------------------ --------
  Pre-denaturation   95                 10 min
  40 Ct                                 
    Denaturation     95                 10 sec
    Annealing        60                 20 sec
    Extension        72                 32 sec

###### 

Comparison of LVMI.

  Groups                LVM (mg)                                                     BW (g)        LVMI (mg/g)
  --------------------- ------------------------------------------------------------ ------------- -------------
  Lentivirus            720.41±40.23^[a](#tfn1-etm-0-0-7335){ref-type="table-fn"}^   251.41±7.17   2.87±5.61
  Negative lentivirus   890.92±88.81                                                 248.51±7.32   3.59±12.13
  Control               910.18±90.44                                                 253.71±7.54   3.59±12.00
  F                     16.66                                                        1.13          1.46
  P-value               \<0.001                                                      0.39          0.26

P\<0.05 in comparison with the negative lentivirus and control groups during the same period.
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